Summary Four facultatively apomictic varieties of bahia grass (Paspalum notatum Flugge) were studied for making it clear the mechanism of multiple embryo seed set development in polyembryonic ovules. Over 300 ovaries at and after anthesis were collected from each variety, treated with Herr's clearing fluid and observed with Nomarski differential interference-contrast optics. At anthesis, the formed typical embryo sac located in micropylar end (first sac) were 92.5 to 100%, and those in the other ends (other sacs) were 40.4 to 86.0% among the 4 varieties. After anthesis, the first sac divided dominantly when compared with the other sacs. At 4 d after anthesis, the rates of the ovules contained the developed first sacs were 56 to 87% comparable to 0 to 1% of the other sacs among the 4 varieties. However, 4 to 17% of the other sacs also showed embryo formations but endosperm. In final, the first sac developed well and occupied the whole space of the ovule, and the embryos formed in the other sacs coexisted with the first sac. From the above results, it can be concluded that the first sac has temporal dominant in embryo sac formation, and has the positional dominant in fertilization and subsequent development of embryo sac when compared with the other sacs in polyembryonic ovules. The egg cell of the other sac (2n) located close to the endosperm of micropylar sac, divided with stimulation of the first sac development, and finally also formed seed-forming embryo. That is why twin, thrice or four seedlings were observed when in germination. The estimation of degree of sexual or apomixis was also discussed based on the observations.
Bahia grass (Paspalum notatum Flugge) is an important tropical forage grass and sets seed by apospory, a form of gametophytic apomixis (Burton 1948a) . For its reproduction method, 3 types have been observed, obligate sexual, facultative and obligate apomixis. Apomixis is an reproduction mode that bypasses female meiosis and syngamy to produce embryo genetically identical to the maternal parent (Asker and Jerling 1992) . In bahia grass, apospory and pseudogamy are the rule, and aposporous embryo sacs bear 2 unreduced polar nuclei Bennett 1970, Norrmann et al. 1989) . As in the apospory mode, fertilization is responsible for the endosperm formation, not for the embryo, bahia grass as like other apomixis plants, was considered not utilizable for crossing breeding program and ignored for a long time. Under this background, 2 key technologies, crossing breeding and gene introduction, are challenged by scientists to exchange the genes between sexual and apomicts. However, the later one is dependent upon the development of molecular biotechnology, so that the former one, a classical and practical method, was paid attentions by breeders for the cross breeding program. As a result, some hybrids between sexual and apomicts have been achieved successfully on bahia grass (Burton 1948b , Komatsu et al. 1991 ) and guinea grass (Hanna et al. 1973 (Herr 1982) for over 2 h at 0-4•Ž. The observations were conducted according to Chen and Kozono (1994a, b) using Nomarski differential interference-contrast optics (DIC). The apospory types of embryo sacs were classified into 2 types, Panicum type (PN) and Paspalum type (PS). PN type represents 4-nucleate embryo sac with one polar nucleus, one egg cell and 2 synergids (Warmke 1954 , Nakajima and Mochizuki 1983 , Bashaw and Hanna 1990 , Chen and Kozono 1994a . PS type represents 4-(or 5-) nucleate embryo sac with 2 polar nuclei, one egg cell and one (or two) synergid(s) (Chen et al. 2000) . S type means Polygonum type 8-nucleate embryo sac with one egg cell, 2 polar nuclei, 2 synergids and 3 antipodals (Hanna and Bashaw 1987) . The maturity of the different embryo sacs was investigated at anthesis. DIC was used to examine the morphologies and numbers of embryo cell, endosperm cell and central-cell nuclei. To check whether the parthenogenesis takes place, the flowers, which were emasculated by hands 2 days before anthesis, were collected at 4 DAA, and observed as mentioned above.
Results

Dominantly formation of typical embryo sacs in micropylar end
At 0 DAA, most of the embryo sac located in micropylar end became typical ones.
In the accessions tested, the percentage of the typical embryo sacs in micropylar end was 90.9-100% higher than that in the other end (40.4-86.0%) ( Table 1) . If the typical one is S type, it consists of 8-nucleates of egg cell, 2 synergids and 3 antipodal. If the typical one is PN or PS type, it consists of 4-nucleates of egg cell, synergid and 2 polar nuclei.
Process of embryo sac development
At 6 h after anthesis, polar nuclei firstly started to divide to mean 9.0 cells in 55 of 59 ovules of Competitor (Table 2) . At 1 DAA, first division of egg cell was observed (Fig. la) while the endosperm had reached mean 38.8 cells (Table 2) . Here, the endosperm always appeared as free-nuclear endosperm during 0-2 DAA. From 1 to 4 DAA, the mean numbers of egg embryo and endosperm cells were increased ca. 4 times per day, respectively. The number of ovules containing developed egg embryo and endosperm were increased as the days after anthesis increased (Table 2) . However, the ovules unfertilized remained in a certain number showed in Table 2 . At 2-4 DAA, formation of endosperm cell wall started from the position farthest and nearest to the embryo, respectively ( Fig. lb-d) .
At 4 DAA, egg cell has undergone 6 cycles of division and became an embryo containing mean >64 cells (Table 2 ). The endosperm was well-developed and almost occupied the whole space of the sac where it is located in (Fig. lb-d) . After 4 DAA, the endosperm and young embryo developed so fast that the numbers of both cells could not be counted under the microscope. On the other hand, during 1-4 DAA, nucellar cells were changed to be vaculated, as endosperm cells changed from free-nuclear to cell-wall-formed with well-developed cytoplasm (Fig. lc, d ). No morphological differences were observed between the developed sacs either derived from sexual sac or apomictic sac.
Dominant development of embryo sac in micropylar end In polyembryonic ovules, the embryo sac in micropylar end developed dominantly when compared with that in the other ends. Figs. 3 and 4 showed the developments of both embryo and endosperm of the sac in micropylar end, and the other sacs were crowded out to chalazal end, with dividing egg embryo and polar nuclei.
The ovules containing dominantly developed embryo sacs were investigated at 4 DAA in 4 varieties. The results showed in Table 3 indicated that, 56-87% of the ovules contained developed sacs in micropylar end in all the accessions, and in contrast, in other ends, 0% in 3 varieties and 3% in one variety.
Other types of embryo sac development Some other cases appeared different from the above. 1) A single embryo sac in micropylar end contains a well-developed embryo and unfertilized 2 nuclei (Fig. 2a) . 2) A single embryo sac contains 2 embryos and well-developed endosperm (Fig. 2b). 3) The embryo sac degenerated in micropylar end, and in chalazal end, the sac with developed embryo and unfertilized 2 nuclei (Fig. 2c) . And the data of other types could be known from Table 3 . Among the 4 varieties, the number of the embryo sac in micropylar end containing only embryo was 1 of 27 ovules in Nanou, and the numbers containing only endosperm were 4 of 30 ovules in Competitor, 2 of 30 ovules in Tifton, respectively. In contrast, in the other end, the numbers of the sacs containing only embryo were 4-17% in all the varieties, and the number containing only endosperm was 0% in the varieties.
Seed forming embryo development
At 6 DAA, the developed embryo and endosperm of the sac in micropylar end occupied the embryo sac it located in, and at the same time, the space of the whole ovules was almost occupied by the developed sac (Fig. 3a) . The embryo usually exists with near globular shape, and it is surrounded by well-developed endosperm. For the embryo sacs in the other ends, they usually were squeezed out to outside of the developed sac. However, those sacs showed continuous development. Some egg cells divided well, and formed embryos usually located in opposite side to micropylar end (Fig. 3a) , or the neighbor (Fig. 3b, c) . At 10 DAA, the formed 2 embryos showed same morphology (Fig. 3c) , and it is difficult to distinguish their origins between them. From Table 3 , we can find that about 4-17% of ovules observed contain 2 or more embryos in the same ovule. 
Discussion
The embryo sac located in micropylar end has the advantage of fertilization and seed set In facultative apomictic bahia grass, AICs appeared one by one, and then, they became multiple embryo sacs in same ovule, as the ovary length increased (Chen et al. 2000) . And as the first AIC usually appeared and located in the micropylar end, 92.5 to 100% of embryo sacs closest to micropylar end of ovule matured at anthesis observed in this study (Table 1) . On the other hand, the embryo sacs located in other end showed 40.4 to 86.0% mature rates at anthesis. The AIC appearance age (order) maybe influence the mature of apomictic embryo sacs themselves. It could be considered that the first appeared AIC in micropylar end has the temporal dominant in formation and maturity of the embryo sac when compared with the other sacs. And for the fertilization chance, the sac has also the positional dominant, as it was closest to synergid cell through which pollen tube penetrates and finishes fertilization. Therefore, the sac derived from first AIC located in micropylar end has the advantage of fertilization. On the observations of ovules at 4 DAA, the rates of developed embryo sacs with embryo and endosperm were from 56 to 87% in the sacs of micropylar end (Table 3) . On the other hand, the other sacs were 0% in 3 varieties, and one variety was 3%. Therefore, the sac in micropylar end has the advantage of seed set. This result also supported the hypothesis that the embryo of developed sac in micropylar end, in final, became a seed-forming embryo (Chen and Kozono 1994a) . Using this method, we can estimate the degree of apomixis or sexual of any facultative apomictic materials used, based on the analysis of embryo sacs in micropylar end at anthesis.
Polyembryonic seed set in bahia grass
Different events were observed on seed set between guinea grass and bahia grass. In guinea grass, the other embryo sacs were crowed out to the chalazal end by the developed micropylar sac, and in final, they were completely degenerated after 10 DAA (Chen and Kozono 1994b ). In contrast, the rates of embryos formed in the other embryo sacs were 4-17% in 4 accessions of bahia grass used in this study. These are higher than that (0%) in 5 accessions and that (2%) in one accession of guinea grass (Chen and Kozono 1994b) . This evident was also observed from embryo sac analysis (Fig. 3) . As the sac derived from AIC contains 2n level reproductive cells, egg cell does not need fertilization. However, for the endosperm formation, fertilization between central cell and sperm cell is needed. And egg cell usually starts division followed the endosperm cell formation. The other sacs also follow the same manner. As the embryo sac developed advantageously in micropylar end, it could be considered that the egg cells in the other sacs were developed vigorously in different places of ovules. In that case, only embryo formed but no endosperm. In the polyembryonic ovules, the cmbryos located in the other sacs usually presented close to the well-developed endosperm of the micropylar sac. The 2 kinds of embryos in the same ovule seemed sharing the endosperm of the micropylar sac. Maybe that is why the embryos in different embryo sacs could coex- For the endosperm balance number, some reporters have discussed the requirement for balance between maternal and paternal contributions to the endosperm formation (Brink and Cooper 1947 , Nishiyama and Yabuno 1979 , Johnston et al. 1980 , Haig and Westoby 1991 , Morgan et al. 1998 . When they used different ploidies and sexual materials, endosperm balance in terms of maternal to paternal ratio, 2 : 1 was considered balanced and should produce normal endosperm. And they indicated that unreduced embryo sacs with one central-cell nucleus (4 factors), when fertilized by a sperm (2 factors), would result in the proper endosperm ratio of 2m : 1p, and the closed percentages were obtained between embryo sacs with a single central-cell nucleus and ovaries with endosperm developing 6 and 8 d after pollination. The result of aposporous guinea grass reported by Chen and Kozono (1994b) also supported the above explains. In grasses, the most common type of unreduced embryo sac is the four-celled Panicum type (PN) containing an egg cell, 2 synergid cells, and one central-cell nucleus or, more rarely, an egg cell, one synergid cell, and 2 central-cell nuclei (Nogler 1984 , Koltunow 1993 . In Paspalum notatum, Chen et al. (2000) reported that the percentages of unreduced embryo sacs with 2 central-cell nuclei (PS) were 60.7-90.0%, and that with one centralcell nucleus (PN) were 5.0-30.3% in 4 varieties observed, respectively. However, the percentages of ovaries with endosperm developing 4 DAA were 56-87% in the same 4 varieties in this study. If we follow the report of Morgan et al. (1998) , only 5.0-30.3% of developed endosperm should be obtained. Recently, Quarin (1999) reported the related information about the endosperm balance number that, apomictic 4x Paspalum notatum is a pseudogamous species with effective fertilization of the 2 unreduced (2n = 4m) polar nuclei by a reduced (n=1 p) sperm. In that case, endosperm development and seed set occurred independently of the species or the ploidy level of the pollen donor. In his explain, as sexual Paspalum plants fit the endosperm balance number (EBN), the EBN insensitivity observed in apomictic apomixis. The EBN insensitivity could have arisen as an imprinting consequence of a high maternal contribution.
